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were obtains by reacting^* k aLZ^tZST ft^ f^ 1 ^ thc,e Such^ute 
Soma aalt reaieUnce cTb, acl>££X£ SSSS 2 £2^ " "ST °' * 
abo* a temperature dependence of solution ~« TT ™ xaBdttn P" 9 - 144 new products 

th. discontinuity at flO^cSh d^^JSE^T* ° flWltban «"» but *> 



Introduction 

Th* extreme paeudopLuticity of xanthan pun solutions 

other water-soluble polymers and as an unattainable ideal 
for semisynthetic cellulose derivatives.' E«SWkS 
ST ft effact ° f oligosaccharide suiSni 

SsSn e ^5 ed 10 a CMC backbone in a »«*» SU 2 

stitation pattern-presenting a "random analogue" of 

rSf"^ 8 ^ celluioae-^.oHgoa.c: 

cbande stnicture-faded to produce unusual rheologies 
although a very high level of viscosity was attained 55 
mabzed to 1 % celluloaic solutions. 1 

^S5i d b6llCal ^Sxe^. f^ing fairly rigid, 
u^n^^' n °- tunlilwataple ^yam being built 

™t" - i^f * B E d , at the o' CMC types that 

contain cellulose blocks" consisting of segments of ooorlv 
substituted CMC, which would ac/as pS^ oS 
in the solution, to produce muitistranded CMC colloidal 
u!f. S l SucJl * of CMC molecules via cellu- 

n . WOuld teDd to align the relatively rigid' 

ceUulose derivauve uito bundles with an effective lX 
far exceeding the individual molecular dimensions. This 
would lend to a strong increase of sheax-thinaing behavior 
due to increased onentability of such colloidal fibers 
compared with the isolated molecules. 

Results 

Our synthesis follows the same general outline as the 
preparation of regular CMC: Alkalization to open up the 
m well as to generate high nudeophilic 

ssssssr* y rcaction ctjoroacetie ^ 

m!k ?P £ "P 1 *** by using an amount of 

aJkab in 0» usual range, normally regarded sufficient to 
destroysucrys^talluuty: then, just prior to the start of the 
carboxymethylation reaction, we aduat the alkalinity to 
ThT^™^*, 6 ' ™?*» e incipient recryatallixation. 
The microcryBtals locally protect the cellulose from sub- 
stitution reactions; the unsubstituted regions furnish the 
poorly substituted "cellulose blocks" La the bteck-co 



Table I 

CMC-CoII„lo„ Sean^d BJ.elc Copolymer, from 
Beaotioa ofUntarj CeU uiog^ 

MCA-N.. 



entry 



MCA. 
equiv 



1 

2 

3 

4 

5 

6» 

7» 

7* 

7* 

8 

9 

10 

11 

various 

1.0% xanthan gum 
AZG HSflOO* 



equiv 



mPa-a 



0 


1.0 


0.3 


0.7 


0.S 


0.5 


0.7 


0.3 


0,7 


0.3 


0.7 


0.3 


0.7 


0.3 


0.75 wt % floln 


0.50 wt 


% Join 


0 


1,4 


0.1 


1.3 


0.2 


12 


0.4 


LO 


>0.4 


<1.0 



1250 
1750 
1920 
5920 
8750 
30200 
23600 
13300 
3600 
1810 
1410 
2800 
izuol 

2800 
149 



1005 



700 
880 
880 
1600 
1980 
4700 
4200 
2460 
1100 
650 
690 
1060 



23 
35 
35 
47 
47* 

68 

B3» 

61 

52 

40 

35' 

22 



77 22 

*ER 4500: rum marked with » ER 8500 m.n.,* *l « . . 
.««.. with 1.5 equiv of N.OH («S£S 3SS riSIt"* 
bydrojlueose) in 87% aqueous taopropyl aJeott,S 
mouata of chioroacstle tad and sodium dSnro.«« t T V"*™ 



70 
22 



0024-9297/89/2222-0364J01.SO/0 



polymer-hke product. Chloroacatic ac id can be used for 
the partial neutralization if the temperature of the 
is sufficiently low to preclude intervention of^X^" 
Sm°;mpe C raSe UI T*»«>» ^p-Le., below 
la searching for a good procedure to achieve soluble 

b^FS*^ 0,pCOrJy a "»»tituted cellu- 

lose (Table I) we observed a pronounced salt effect on th. 

Table J. Note that salt la expected to exert its effect J 

e,Xl h a < L m °F71° Ufl ^"Producible manner than pH 

^ * T ° f Slfl r alt diffuai0D «mPa«dto 
the rate of proton exchange. Thus, in striving foraWW 

overall degree of substitution (DS), the uTo/LcS 
O 1989 American Chemical Sodety 
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mn ' Table II 
Dry-Phase" Reactions To Prepare Xantban Gum Like 
CMC 



NaOH, MCA, MCA-Na, 
«*try equiv oquiv equiv 



1 1.5 0.7 

2 2,0 0.7 

2 0.6 wt % tola 

3 2.5 0.7 

4 2.0 0.7 
6 2.0 0.7 



mPe-.s 



100* 



0.3 
0.3 

0.3 
0.3 
0.3 



msol 
15100 
3120 
S380 
1790 
3270 



25G0 62 

9oO d8 

1700 47 

800 36 

1000 43 



•^SffiSEK Sect, ' 0D far d4UiU - ViJCMit > d «* 

0 . M Table III 

Products Made from Lintera Cclluloee (ER 8500) iq 87% 

and Chloroaortw Acid/Acrylamxde Mixture for the 
Etherlflcation Step* 



1 
2 
3 
4 
5 
6 
7 



0.7 i.o* 

0.7 1.0* 

0.7 1.0 

0.7 1.0 



hydrol 
atep? 


DS 
(CO 


nxPif 


ODLPft-B 


loas 


0.0 


0,52 


86 


40 


25.5 


no 




4000 


1280 


46 


no 




3470 


mo 


44 


DO 




2770 


1030 


42 


yes 


0.80 


1030 


565 


30 


yes 


0.91 


1010 


540 


32.5 


yes 


0.85 


367 


325 


18 


yea 




145 


130 


10 



i n ? y ^°% * Bude toctionality by further beetiog with 

viaeowty Yleli, on aayWid. proved to b. on the order of 26% 
°P»»* «o W* thet i. oormeJ in the dry-rcction pm* fa 
our expenenc. equiv of .cetic acid. --HU equiv'oS^ 

ebWcetote ftaik to Table I). «aa added 45 mincer *.Mc7 
30 nun Wore atart of heating. ■ 1.6 equiv of NaOH uaed. AA 
added after complete CMC reaction and cooline to 0 »C 

amounts of sodium chloroaeetate (MCA-Na) led to in- 
soluble products at a modest level of neutralization prior 
to ethenfication (Table I). A very favorable and repro- 

w?> , IT ttchieved by wnUa * at a "Jatively low 
level of etbenfying agent and appreciable neutralization 
The amount of 'salt" that is optimal in this approach 
reman, a question for further work: part or most of the 
MCA-Na used u these runs may be replaceable by, e.g.. 

Translation of the experience gained in this work oath 
slurry-type reactions, to prepare analogous products in a 
process without a dispersing medium, i.e., in a "dry" pro- 
cess, called for an increased alkalinity; reproducibility 
proved to be rather poor under our conditions (Table E 
entries 2, 4, 6). Moreover, it should be recognized that so 
ft. -the solution clarity of the slurry-reaction product, is 
better (m fact vutually perfect) than the clarity of the 
dry-reaction products. 

A poor salt tolerance of solutions for the present class 
of cellulose derivatives is to be expected: we envision 
microaystal formation even in the "completely dissolved* 
state; decreasing the solubilizing effect of the ionic sub- 
stituent must show dramatic effects. Increasing the salt 
resistance by nonionic substitution, notably with acryl- 
amide. proved possible, but only at the expense of some 
pseudoplasticity of the solutions. Hydrolysis of the amide 
adduct wi^ base gave further loss of pseudoplasticity and 
viscosity (Table HI). ' 

i I c?^^P°?? i . b,e * obtain a modicum of salt resistance 
oy 6LIGHTLY mcreasing the overall DS in the dry-re- 
action products (where sufficient alkalinity remains after 
parual neutralization to accommodate some further re 
action with MCA-Na; recaU that in le slurry pSp£ 



Xanthan Gum Like CMC 365 
Table IV 

Attempt. a» Improved Salt Kosbtance by a Slight Iaci wc 
Q* Carboryaethylation* 



entry 


MCA. 
Cquiv 


MCA-Na, 


mPa-s 


mPa*9 


1005 


1 

2 
2 . 

3 


0.7 
0.7 

0.7 


0.5 
0.5- 

0.5 


221 
5250 
12SO 

237 


113 
1460 
390 
138 


24 
50 
42 
24 



n 'Cellulose ER 8500 (DP * 5800); 2.0 equiv 0 f NaOH. *ln 4% 



. . T *We V 

Analytical Data for » Few Represent* p M <l ..^ r 



overall DS 

Ki 

*. 

top MWD 
before eazyts 

hydrolysis 
after enzym 

hydrolysis 



HS 600 



entry 6, 
Table I 



0.68 
3,91 
3.03 



0.69 
2.63 
2.37 



entry 2. 
Table n 



2.3 X 10* 1.6 x 10 9 
38000 6600 



0.40 
2.15 
1.93 

0.5 x IQ 8 
1200 



entry 3, 
Table H 



0.49 
2.19 
2.00 

0.5 x 10* 
1200 



= !UR K - X ^ a ^Btitution rate. K, 

m ftQm ttetbanoIysb-CC analysis 41 GPC an «i 
ysn yielded bo informative M 9 and A<\ vnLu*iI??L * . 
caily bydroryaed new product, cf. Pi^reT Th^c^T^i 
product AZC-HS 600. made at bigb alaSoity is c^SrTl^ 
Jlurry product (entry 6. Table D„d 

experimental products after enrymic hydrolyau, t3V n 
and profoundly different fronTthe MS6O0 i^LSTM" 
weights gainst polymannorrio,e scaradardTa^^ 




J^ m^Z E «m***y hydrolyxad samples of 
^ELa • ° f ^ 6 > ^le I (upper trace) 

The broad coaamiunm the latter at about 19.S-mL elution\S 

of the MCA-Na was used as excess salt). We observed 
grabfyu^ viscosity and pseudoplasticity in 4% NaCl so- 
hinone of some such products, albeit that thepo^hS 
to be dissolved in demmerahzed (or drinkwe) wateTn^ 
to the addition of salt (Table IV). ^° a& water Pnor 

Support for the blocky character of the new CMr. 
obtained by GPC analysis m conjunct^ SSSSk 

C^°^ l -Y lgalel) - Di B«^ofacon2eS 
CMC with DS sumlar to entry 6, Table L viz. AZTW? ^n 

made at high alkalinity, p^u'ees fra^^S 

spicuous main constituent at fairly high molecular 

we^t-n. m long stretches of the polyier "luSSS 

ohgoglucoeidic sequences long enough to be recogSby 
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the cellulase are absent. By contrast, the experimental 
CMCa, either from slurry- or dry-phase reactions, were 
hydrolyzed to fairly low molecular weight fragments— i.e., 
cellulase-sensitive unsubatituted -cellulose blocks" are 
much more frequent. We also studied bacterial digestion; 
it turned out that here the main factor determining the 
rate of oxygen uptake was the degree of substitution of the 
CMC rather than the method of preparation. 

An alternate method of forcing aggregation of CMC 
molecules, viz., a minor level of chemical cross-linking 
proved ineffective because of very poor reproducibility, 
although in a number of runs paeudoplasticity equivalent 
to that of xanthan was achieved. These experiments were 
carried out in an aqueous iaopropyl alcohol slurry, with 1.5 
equiv of sodium hydroxide, 1.0 equiv of sodium chJoro. 
acetate, and 0-1.6 raol % of (3-chloro-2-hydroxypropyl)- 
tnmethyiammonium chloride relative to anhydroglucoae. 
The ammonium compound was utilized as a cross-linldng 
agent: tha second functionality must evolve due to loea 
of trimethylamine in the warm, highly alkaline environ- 
ment of the later stages of the CMC preparation. 

Discuss Iod 

Our aim, viz., influencing the association behavior of 
CMC in solution to mimic xanthan gum's reported 3 asso- 
ciation tendency (at room temperature), seems to have 
been reached. A simple modification of the usual process 
for CMC preparation suffices to arrive at a segmented 
block copolymer structure, supported by a response to 
enzymatic hydrolysis different from the one displayed by 
regular CMC, in the sense expected. The thermal behavior 
of xanthan gum— viz., dissociation of the complex structure 

Et ~~ € ? ^"7l a ; however ' N0T duplicated by the experi- 
mental CMC. f One is tempted to rationalize this by 
pointing out the high energy of cellulose crystallization 
compared with the weak interactions between highly 
charged xanthan gum molecules. 

The practical value of the experimental products may 
sufrer from the imperfect salt tolerance; however, we may 
hope that in many potential applications a limited salt 
tolerance would not be a serious drawback. 

Experimental Section 

Suiting Materials. Unlaw cWJuJoee ER 8500 (Buckeye) wn 
ground in a FriUcn Pulveriseue mil] with a 0.6-mm rasp. Tbm 
molecular weifM was not significantly roduced by thii method 
of comminution ER 4500 type (inters cellulose could be uaed 
*.lhout further grinding, at least in slurry-type reactions. Its 
performance in a dry reaction regime was not ascertained 
Technical grade MCA and MCA-Na (Akzo Zout Chemie) ware 
used: the other chemicals used were normal laboratory mde 
materials. J * 

Slurry Beactiom. C round lintem ceUuloee, 6.5 g, is suspended 
in 85 g of leopropyl alcohol and cooled to 0 °C. NaOH 6.6 g 
36.5% aqueous, and 9.4 g of water art added; the mixture ts'stirred 
vigorously for I h at 0 »C Etherising agents (MCA, MCA-Na, 
acrylamide, (3-chloro-2.hydroxypropyOtrimethylammonium 
chloride) an desired are then added and stirring is continued for 
I h at 0 C. Then the cooling bath is substituted by a hot water 
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baih (90 °C) and stirring is continued for 2 h under s reflux 
condenser. Ator the mixture is cooled, the product is neutralized 
to pH 7 with aceiic acid, filtered, washed twice with 85% aqueous 
ethanoh and then dried at 60-70 °C, 20 mbar 16 h 

Dry.Proce-a Reactions. Short-duration kneading step* are 
used to limit mechanically induced chain scission— cf„ Table V 
Cellulose, 120 g 162 g of 36.5% NaOH (2 equiv, and 1.5 g of 

^t?n^ f ° f , 96% J Cthan ° I (2 ** uiv) ch "*«i into an IKA 
KKD 2.5 Duplex kneadcr cooled to 0 "C (pumping thermostat). 
Three cycles of evacuation and nitrogen blanketing are uaed to 
displace air. The mixture is kneaded for 5 min at 0 *C MCA 
and MCA-Na axe added in the amounta desired; air is displaced 
again with nitrogen (3x). Five more minutes of kneading at 0 
C are used lo mix the reactanta. The heating /cooling system 
,s heated to 90 -C in 5-10 min by injecting live .team into the 
thermosUt tank; kneading is continued. After kneading is con- 
tinued for 15 mm the reactor is opened to check whether any of 
the reaction mixture has escaped kneading by aticking to an 
unacraped section of the reactor. If ao it is cut loose Air i. 
displaced again and five more minute* of kneading complete the 
reaction The product is diacharged into a 3-L beaker and 
quenched with 1 5 L of 85% aqueous ethanol. neutralized with 
acetic acid to pH 7 in the supernatant, filtered off, and waahed 
a aecond t^e with 1.5 L of 85% ethanol. Aft^r filtration it . a 
dned at 60-70 *C, 0.5 mbar. 16 h. 

Analyses. DP (Cu^thylenediamine), DS and substitution 
pattern (acid wash/ titration; hydrolyBifi/derivatiration/CC) and 
bacUrial digestion all were performed according to procedure, 
published elsewhere. 0 Enzymatic hydxolysiB/GPC was performed 
by incubaung 60 mg of CMC di*K>lvod j„ 47 mL of phosphate 
buffer (pH 6) w,th 3 mL of 0.5 g/L aolution of cellilaae (Tri- 
choderma v.nde) in phosphate buffer for 24 at 37 «C and then 
analyzing over a Nucleoul 50 column with RI detector 

Rheologtcal Measurements. Solutions of product* (1 wt % 
7*"?^ Pn=pa«d by slow aptation 

(tumbling and roUing) and studied by using a Weiseenber* cone 
and plate rheometer and a Carri-Med machine; cf. ref 6 

BedatrK No. CMC, 9000-U.7; xanthan gum. 11138-66-2 
acrylam.de, 79-06-1; O-chloro-MiydroaypropyDtrimethyl- 
ammoniura chloride, 3327-22-8. 
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